1. Background {#sec1-ijerph-16-00466}
=============

Anemia, especially severe anemia, is associated with increased child mortality rates \[[@B1-ijerph-16-00466]\]. Moreover, limitations in physical and cognitive development, leading to an increase in academic failure and susceptibility to infectious diseases, are also of great concern \[[@B1-ijerph-16-00466],[@B2-ijerph-16-00466],[@B3-ijerph-16-00466],[@B4-ijerph-16-00466]\]. Regional studies conducted in the Dande municipality (Bengo province) reported a 57% prevalence of anemia in under-5 children, indicative of a severe public health problem \[[@B5-ijerph-16-00466]\]. In this setting, in addition to the expected association with undernutrition (responsible for nearly 13% of anemia cases), clusters of high risk of anemia were found to overlap with *Plasmodium falciparum* and *Schistosoma haematobium* risk zones (associated with 16% and 10% of the cases, respectively) \[[@B5-ijerph-16-00466],[@B6-ijerph-16-00466]\].

Around half of anemia cases are estimated to result from Iron Deficiency (ID) \[[@B7-ijerph-16-00466]\]. However, in malaria endemic countries, routine iron supplementation remains controversial and is only undertaken with caution, as the practice has been associated with both an increased incidence and severity of malaria, especially in non-iron-deficient anemic people \[[@B8-ijerph-16-00466],[@B9-ijerph-16-00466],[@B10-ijerph-16-00466],[@B11-ijerph-16-00466],[@B12-ijerph-16-00466]\]. Additionally, single nutrient deficiencies are rare, as insufficient ingestion of other hematopoietic micronutrients may occur and cause nutritional anemia. On the other hand, the high prevalence, intensity, reinfection and incidence rates of anemia-related infections can also contribute to iron deficiency anemia, potentially refractory to iron supplementation \[[@B2-ijerph-16-00466],[@B5-ijerph-16-00466],[@B13-ijerph-16-00466],[@B14-ijerph-16-00466],[@B15-ijerph-16-00466],[@B16-ijerph-16-00466]\].

Integrating therapeutic (deworming) and preventive (either food-based or WASH/malaria education) strategies can simultaneously treat infections and increase hematopoietic micronutrient intake or reduce disease transmission, which could result in the reduction of malnutrition and anemia \[[@B2-ijerph-16-00466],[@B14-ijerph-16-00466],[@B17-ijerph-16-00466],[@B18-ijerph-16-00466],[@B19-ijerph-16-00466],[@B20-ijerph-16-00466],[@B21-ijerph-16-00466],[@B22-ijerph-16-00466],[@B23-ijerph-16-00466],[@B24-ijerph-16-00466],[@B25-ijerph-16-00466],[@B26-ijerph-16-00466],[@B27-ijerph-16-00466],[@B28-ijerph-16-00466],[@B29-ijerph-16-00466],[@B30-ijerph-16-00466],[@B31-ijerph-16-00466],[@B32-ijerph-16-00466]\]. Several comprehensive intervention strategies have correspondingly been tested. However, they frequently evaluate the impact of education on nutrition or on infectious etiologies (whether or not combined with drug therapy) separately \[[@B17-ijerph-16-00466],[@B18-ijerph-16-00466],[@B19-ijerph-16-00466],[@B20-ijerph-16-00466],[@B21-ijerph-16-00466],[@B22-ijerph-16-00466],[@B23-ijerph-16-00466],[@B24-ijerph-16-00466],[@B25-ijerph-16-00466],[@B26-ijerph-16-00466],[@B27-ijerph-16-00466],[@B28-ijerph-16-00466],[@B29-ijerph-16-00466],[@B31-ijerph-16-00466]\]. Thus, differences in their designs and methodologies hinder the comparison and evaluation of results, rendering it difficult to define the best approach to reduce anemia. For instance, differences on the target population (adult or children), dimensions of the learning package (e.g., for sanitation: stool disposal, water quality or supply), the delivers (community promoters/volunteers, teachers, local health workers, community leaders), the place where education occurs (at health center or at the communities), the number of intervention contacts, type of contacts (group meetings and/or individual contacts), duration of the intervention/observation and mainly the combination with other strategies (micronutrient supplementation, construction of latrines and hand-washing mechanisms, etc.) can be observed \[[@B17-ijerph-16-00466],[@B18-ijerph-16-00466],[@B19-ijerph-16-00466],[@B20-ijerph-16-00466],[@B21-ijerph-16-00466],[@B22-ijerph-16-00466],[@B23-ijerph-16-00466],[@B24-ijerph-16-00466],[@B25-ijerph-16-00466],[@B26-ijerph-16-00466],[@B27-ijerph-16-00466],[@B28-ijerph-16-00466],[@B29-ijerph-16-00466],[@B31-ijerph-16-00466]\]. Furthermore, one of the most inclusive studies was published recently by Humphrey et al. 2019, and investigated the effect of two WASH interventions, either alone or combined with improved Infant and Young Child Feeding (IYCF), concluding that education in nutrition reduce anemia and stunting, but adding WASH to the intervention had no major improvements on those effects \[[@B33-ijerph-16-00466]\]. Similar results were reported by Null et al. 2018 within a cluster-randomized trial using interventive groups with several WASH and nutrition combinations \[[@B34-ijerph-16-00466]\]. Neither study investigated the effect of combining deworming, nor was the impact of malaria preventive actions included, and as far as we know, there are no published protocols or results of such studies implemented in Angola.

1.1. Aim {#sec1dot1-ijerph-16-00466}
--------

This paper describes the design of a cluster-randomized controlled trial that aims to compare the efficacy of two complex, community-based interventions: (1) nutritional education in the reduction of nutritional anemia, and (2) WASH/malaria education in the reduction of anemia caused by infection, both combined with a test-and-treat therapeutic approach.

1.2. Hypotheses under Study {#sec1dot2-ijerph-16-00466}
---------------------------

\(1\) The nutrition arm assumes that the test-and-treat approach will clear infections and that education in nutrition will improve the knowledge and awareness of caretakers as regards the causes, prevention and treatment of nutritional anemia, which in turn may result in behavioral changes that reduce the prevalence of inadequate breastfeeding and IYCF. This could in turn improve dietary diversity, by increasing the consumption of erythropoietic-rich foods (iron, vitamin B12, vitamin A and folate) and enhancers of iron absorption (vitamin C), and decreasing the inadequate consumption of iron absorption inhibitors (polyphenols, phytates, calcium, etcetera)) \[[@B24-ijerph-16-00466],[@B35-ijerph-16-00466],[@B36-ijerph-16-00466]\], leading ultimately to a decrease in the prevalence of nutritional anemia.

\(2\) The WASH/malaria arm assumes both that the test-and-treat approach clears infections, and that education in appropriate water, sanitation, personal hygiene and malaria prevention practices improves the knowledge of caretakers regarding the causes and preventive measures against infections, which in turn would lead to behavioral changes, and consequently to reduced prevalence, intensity, incidence and re-infection rates of those diseases \[[@B31-ijerph-16-00466],[@B37-ijerph-16-00466],[@B38-ijerph-16-00466],[@B39-ijerph-16-00466],[@B40-ijerph-16-00466]\]. Thus, considering that parasitic infections are important causes of anemia within this setting, this intervention would consequently decrease the occurrence of infection-related anemia.

In our study, the intervention in the control group targets the treatment of infections, the intervention in the nutrition arm targets nutritional anemia and nutrition-related causes, and the WASH/malaria intervention focuses on infections and infectious-related anemia. Furthermore, it should be considered that non-malarial infections can also cause anemia through nutritional deficiencies, by causing blunted intestinal villi (which lead to impaired micronutrient absorption) \[[@B41-ijerph-16-00466]\]. Thus, by trying to prevent anemia through these 3 possible pathways, we can simultaneously investigate (1) whether combining education in nutrition with a test-and-treat approach could reduce nutritional anemia more than only treating intestinal/urogenital and malaria infections; (2) whether combining education in WASH/Malaria with a test-and-treat approach could reduce nutritional anemia more than only treating intestinal/urogenital and malaria infections; and 3) which of the educational interventions can prevent nutritional anemia the most.

2. Materials and Methods {#sec2-ijerph-16-00466}
========================

2.1. Study Setting {#sec2dot1-ijerph-16-00466}
------------------

This study targets hamlets with functional primary health care facilities within CISA's Dande HDSS study area \[[@B42-ijerph-16-00466]\]. The surveyed area is located in the Bengo Province (Dande municipality), and includes all the hamlets in the communes of Úcua, Caxito, Mabubas, as well as some hamlets in Kikabo and Barra do Dande \[[@B42-ijerph-16-00466]\]. Within this area, between 2010 and 2014, the total resident population varied between 63,081 and 58,645, with the percentage of under-5 children ranging from 17.7% to 13.9%. Additionally, the fertility rate varied between 4.8 and 3.7 births per woman, with the crude birth rate ranging from 40.4 to 24.2 live births/year/1000 people and the under-5 mortality rate fluctuating between 92.1 and 60.1 per 1000 live births \[[@B42-ijerph-16-00466]\]. As the entire population of Kikabo and Barra do Dande are not fully surveyed by the Dande HDSS, they will not be included in this study. Although 15 hamlets with health facilities are located within this area, only those providing daily primary care practices will be included in this study \[[@B43-ijerph-16-00466]\].

2.2. Study Design {#sec2dot2-ijerph-16-00466}
-----------------

### Baseline Assessment (Pre-Intervention Evaluation)

There were two qualitative pilot studies: (1) to characterize mother-to-child nutritional practices (as a basis to structure the questionnaire) and (2) to design a locally adequate Food Photography Atlas (FPA) for children U5 (for the 24 h recall evaluation). The first study was conducted between August and September of 2014 and enrolled 808 children aging 0--59 months and their caretakers in a two-stage cluster sampling strategy. Using a Portuguese translated questionnaire, adapted from ProPAN 14, we collected data on children's breastfeeding, feeding practices and detailed food consumption in the previous 24 h \[[@B44-ijerph-16-00466]\]. As a result, data regarding the commonly consumed food was collected and a preliminary FPA S was produced. Following this, the second study, aiming at validating the previously mentioned FPA and to allow for the collection of age and context-specific food portion and nutrient ingestion among preschool children from the Bengo province, was conducted between February and March 2015. This was a convenient cross-sectional study that enrolled 75 primary caretaker residents in the Mabungo and Riceno hamlets within CISA's study area. In sum, dishes were prepared according to local recipes, food photographs were produced, tested and selected, portion sizes were estimated and validated, and the reproducibility of this tool was evaluated. These results are being published elsewhere.

Using these tools, a pre-intervention evaluation, aiming to characterize the study population regarding anemia and its etiologic profile (by specific age groups (children aged under 6 months, between 6 and 23 months and between 24 and 36 months), will be performed.

2.3. Participants {#sec2dot3-ijerph-16-00466}
-----------------

All under-4 children and their mothers/caretakers, resident in the selected hamlets, will be considered eligible and invited to participate. This age group was selected because children are expected to have limited mobility, to receive higher parental attention and to have their exposure to contaminated environments more controllable than school aged children. Children will be subject to exclusion whenever having recently received blood transfusions, report adverse reactions to albendazole and/or to praziquantel, and when their caretakers do not commit to completing both the evaluation and the educational moments of the study. Only children with pre-intervention evaluation will be allocated to the Randomized Controlled Trial (RCT).

2.4. Training for Evaluation Moments {#sec2dot4-ijerph-16-00466}
------------------------------------

At the beginning of the study, 6 field workers and 2 nursing technicians will be selected from the study area and trained. The one-week training will incorporate: (1) an introduction to the research questions, goals and study design; (2) basic concepts regarding the diseases studied; (3) methodologies for data collection (structured interviews, anthropometric evaluations, recognition of signs and symptoms of micronutrient deficiency, measurement of temperature); and (4) communication skills and the collection/delivery of information. Additionally, nursing technicians will undergo 3-day training on: (1) the treatment and referral protocol adopted in this study; (2) best practices for drug administration in young children; and (3) the management of domiciliary and health unit treatments. Blood, urine and stool samples will be collected before their processing by experienced CISA resident laboratory technicians. A field work simulation class will be conducted with all personnel involved in this survey at the end of all training sessions.

2.5. Recruitment of Participants {#sec2dot5-ijerph-16-00466}
--------------------------------

A house-to-house recruitment team will identify the children eligible in each hamlet, explaining the importance of the study both to local authorities and caretakers, delivering stool and urine containers and explaining the best practices for sample collection. This team will recruit up to 45 children per day, and orient them to attend the next evaluation at the hamlet health post. Those evaluations will be carried out in each hamlet until all eligible willing-to-participate families have been notified.

2.6. Baseline Data Collection and Sample Storage {#sec2dot6-ijerph-16-00466}
------------------------------------------------

A structured questionnaire is to be administered to mothers or other primary caretakers to collect information on identification, breastfeeding, complementary feeding practices and health care practices, supplementation and vaccination history, WASH and malaria practices. Weight and height, collected using electronic or platform pediatric scales and measuring harness or adult stadiometer, will be used to calculate anthropometric indices for the diagnosis of undernutrition in children and mothers according to WHO standards \[[@B45-ijerph-16-00466],[@B46-ijerph-16-00466]\]. Peripheral blood will be collected in accordance with WHO good phlebotomy practices \[[@B47-ijerph-16-00466]\]. For biochemical analyses, blood will be collected in 1.1ml Z-Gel microvette tubes, centrifuged for the separation of the serum and stored at −20 °C and blood for molecular analysis will be stored in air-dried filter paper until processing. Mothers/caretakers will be instructed to collect a stool sample on the day before evaluation and to collect urine in the morning of evaluation day. Urine samples are to be conserved in formalin (10%) to prevent larvae eclosion.

2.7. Sample Processing {#sec2dot7-ijerph-16-00466}
----------------------

Stool, urine and blood will be analyzed parasitologically. Blood protozoa (*Plasmodium falciparum* and *Plasmodium vivax*) will be determined by the Rapid diagnostic test (*SD BIOLINE* Malaria Ag P.f/P.v (HRP-2/pLDH, Standard Diagnostics, INC, Suwon City, Korea))*,* intestinal helminths (*Ascaris lumbricoides, Trichuris trichiura*, *Hymenolepis nana* and *Strongyloide stercoralis*) determined through fecal smear according to the Katokatz technique, intestinal protozoa (*Giardia lamblia* and *Entamoeba hystolitica/dispar*) evaluated through fecal centrifugal-sedimentation (using Parasitrap® System, Biosepar, Mühldorf, Germany) and urogenital helminth (*Schistosoma haematobium*) determined by urine filtration \[[@B48-ijerph-16-00466],[@B49-ijerph-16-00466]\]. Biochemical analyses will comprise quantifying hemoglobin directly from peripheral blood (using Hemocue ® Hb 301 System, Angelholm, Sweden), serum ferritin, C-reactive protein and zinc through kits from Quimica Clínica Aplicada (Quimica Clínica Aplicada S.A., Tarragona, Spain) and an automated analyzer (BT1500, Biotecnica Instruments S.p.A, Rome, Italy), serum retinol through high-performance liquid chromatography with a protodiode-array detection, and vitamin B12 and folic acid by chemiluminescence immunoassay (using VITROS® Immunodiagnostic kits, Ortho Clinical Diagnostics, Inc. Bridgend, UK) \[[@B50-ijerph-16-00466],[@B51-ijerph-16-00466],[@B52-ijerph-16-00466],[@B53-ijerph-16-00466]\]. Molecular analysis will include DNA extraction (by Chelex method), screening for sickle cell trait and disease (by PCR) and G6PD deficiency (by rtPCR) \[[@B54-ijerph-16-00466],[@B55-ijerph-16-00466]\]. Malaria diagnosis will take place on site, and stool/urine samples will be analyzed within 24/48 h of collection (depending on the day of the week). The laboratory analyses will be performed by trained technicians and 25% of tests subject to confirmation by experienced laboratory supervisors.

2.8. Drug Therapy {#sec2dot8-ijerph-16-00466}
-----------------

Children diagnosed with *Plasmodium falciparum* malaria, urogenital schistosomiasis and/or intestinal parasites, will receive treatment, respectively with artemether/lumefantrine (20/120, plus paracetamol (15 mg/kg/dose for temperatures above 38 °C)), albendazol (400 mg/single dose for *Ascaris lumbricoides*, *Trichuris trichiura* and hookworms) and praziquantel (40 mg/kg for *Schistosoma haematobium* and *Schistosoma mansoni* (splited into two intakes, 6 h apart) and 25 mg/kg for *Hymenolepis nana*), according to the national therapeutic guidelines and specialist bibliography \[[@B56-ijerph-16-00466],[@B57-ijerph-16-00466],[@B58-ijerph-16-00466],[@B59-ijerph-16-00466]\]. *Plasmodium falciparum*-infected children are to be treated on the evaluation site (unless signs of severe malaria are observed) and all albendazole treatments (except for children aged younger than one) will be administered in the household by nurse technicians. The remaining infected children will be treated at specific consultations with CISA's pediatrician at the health centers. Furthermore, any children diagnosed with sickle cell disease will be referred to the Anemia Patient Follow-up Consultation, held at the Bengo General Hospital. Drugs will be provided by CISA through the entire duration of the study.

3. Cluster-Randomized Controlled Trial {#sec3-ijerph-16-00466}
======================================

3.1. Sampling Strategy {#sec3dot1-ijerph-16-00466}
----------------------

In this study, the sampling strategy chosen was a non-probabilistic (convenient) sampling. In sum, we aimed to include (through a census approach) all eligible children (under the age of 4) resident in administratively and geographically isolated hamlets with functional health posts, in turn located within the CISA's HDSS study area (considered as cluster units). We chose hamlets with functional health posts due to the greater facility in mobilizing the population and corresponding logistical advantages. On the other hand, the census approach (within those clusters) was adopted because variations in the density of eligible children, estimated according to data from 24-10-2014 extracted from CISA's HDSS database, was expected, and the real density in each cluster was needed.

3.2. Randomization {#sec3dot2-ijerph-16-00466}
------------------

The hamlets will be considered as cluster units. For randomization, the names of the hamlets will be written down on pieces of paper and placed in a bag and then successively removed. The first two papers to be removed will be attributed to the Nutrition arm, the following two to the WASH/Malaria arm and the next pair to the control with this procedure repeated until there are no papers left in the bag. This process will be carried out by the two CISA researchers coordinating the study.

3.3. Blinding {#sec3dot3-ijerph-16-00466}
-------------

This will be an unblinded study.

3.4. Training of Providers {#sec3dot4-ijerph-16-00466}
--------------------------

Field and nursing technicians involved in the evaluation (baseline and follow up waves) will be assigned to the different intervention arms, being responsible for the counselling sessions (monitoring, encouraging and continuously promoting behavioral change), under the direction of a supervisor. Their previous training will be reinforced with theoretical and practical sessions on (1) the core aspects of the target disease and conditions (specifically, "What is the disease/condition", "What are the signs and symptoms", "What is causing them", "What can mothers do to prevent them"), (2) counselling techniques (evaluating the emotional state of the caretaker and adapting counselling techniques to the emotional state), (3) household environment and risk behavior evaluation, according to the respective interventional arm they belong to. Within each intervention arm, they will perform one cycle of three-monthly visits to a group of households before then moving onto another group of families.

Following the first training stage, refresher sessions will occur before the follow up evaluation moments and before every domiciliary personalized counselling. At the beginning and at the end of each training stage, technicians will undertake a written evaluation test and a score will be generated. Additionally, 20% of all counselling sessions (per technician) will be subject to evaluation by a supervisor, who will similarly produce a counselling score for each trainee.

3.5. Training of Receivers {#sec3dot5-ijerph-16-00466}
--------------------------

The receivers, i.e., the targets for the behavior change interventions, will be mothers and/or primary caretakers of the children studied. After the baseline assessment, the mothers in each intervention arms will be trained according to the respective "targets within the educational package" described in [Table 1](#ijerph-16-00466-t001){ref-type="table"}. The objective is to empower mothers with knowledge of basic principles regarding: (1) anemia and its nutrition-related etiologies and (2) anemia and its infections-related etiologies (in particular, what are the signs and symptoms? How did the child become at risk? How can mothers prevent this and what they should do whenever their children fall sick?) and to stimulate inadequate mother-to-child behavior changes. Technicians will document pre-and post-intervention alterations in the household environment and mother-to-child practices (according to the process indicators described in [Table 2](#ijerph-16-00466-t002){ref-type="table"}).

3.6. Recruitment and Promotion of Adherence {#sec3dot6-ijerph-16-00466}
-------------------------------------------

To relocate families, field technicians will perform a house-to-house invitation strategy, using Dande's HDSS household identification system, reference points and family phone numbers. To increase adherence and promote participant retention, the hamlet coordinators and/or traditional authorities will be invited to be present at all phases of the study. Furthermore, incentive kits will be distributed to all children during the follow up moments, namely a nutritional kit (water and yogurt) and a WASH/Malaria kit (soap and lye).

3.7. Educational Package for Receivers {#sec3dot7-ijerph-16-00466}
--------------------------------------

Families/caretakers allocated to the interventions are to receive six personalized counselling sessions at their homes and will be invited to participate in six community workshops for practice lessons. The overall treatment given in each arm, throughout the duration is described in [Table 1](#ijerph-16-00466-t001){ref-type="table"}.

Illustrative materials, adapted from UNICEF, will be used for these counselling sessions, as well as posters highlighting key health messages \[[@B60-ijerph-16-00466],[@B61-ijerph-16-00466]\].

The practical cooking lessons within the nutrition study arm will aim at reinforcing the adoption of a diet with a Minimum Dietary Diversity and Minimum Meal Frequency and at increasing iron, folic acid, vitamin A- and B12-rich food ingestion \[[@B62-ijerph-16-00466]\]. Accordingly, after evaluating the ingredients available at the local market, aliments within the food groups of (1) grains, roots and tubers, (2) legumes and nuts, (3) dairy products, (4) flesh foods, (5) eggs, (6) vitamin A-rich fruits and vegetables, and (7) other fruits and vegetables will be identified, and easy, affordable and pleasant-to-the-palate recipes will be developed. Within those groups, food sources of heme-iron (red meat and poultry) and non-heme iron (specifically green leaves), will receive major attention \[[@B63-ijerph-16-00466],[@B64-ijerph-16-00466],[@B65-ijerph-16-00466],[@B66-ijerph-16-00466],[@B67-ijerph-16-00466]\]. Data collected at the qualitative study mentioned above, aiming at assessing the main feeding practices of infants and young children, will be used to assist this purpose. Classes will comprehend: (1) discussing the nutritional value of local foods, the effect of processing them on their nutrient value, (2) identifying the most common foodborne parasites, (3) demonstrating the fish-and-meat dishes to be used in the meals, (4) demonstrating combinations to be used at breakfast and lunch, (5) tasting and scoring recipes and (6) distributing illustrative recipe notebooks for practice.

The practical sessions within the WASH/malaria intervention arm will aim at preventing malaria, schistosomiasis and STH in children, particularly decreasing the transmission rate and consequently lowering their incidence and reinfection rates. Activities within the community groups will include: (1) identifying local points of possible STH contamination and children's risk behaviors, (2) visiting target households to identify mosquito indoor resting and outdoor breeding sites, (3) constructing household washing-hand mechanisms, (4) correctly mounting of bed-nets and (5) running child hand-washing classes.

4. Data Collection {#sec4-ijerph-16-00466}
==================

Educational Interventions
-------------------------

Caretakers participating in the intervention arms will have a monitoring file (consisting of six structured questionnaires (one for each monthly visit), applied by the technician to document behavioral alterations at every counselling visit and to record attendance to the community group sessions. Those educational interventions will be intercalated with cross-sectional evaluations. Those moments will have the same design as the baseline assessment, occurring respectively six and twelve months after the beginning of the study.

Data on the primary and secondary outcomes, which will be collected only in the follow up moments, aim at evaluating the impact of interventions. Considering that interventions are expected to influence either health and behavioral aspects, impact indicators are expected to provide information on changes in their frequency, and potential associations. On the other hand, data on the process indicators, which will be collected throughout the study, aim at assisting the evaluation of the quality and success of intervention's delivery process. Thus, data regarding the provision, utilization and coverage aspects of the delivery process are expected to facilitate attributing the changes in primary and secondary outcomes to the intervention, by demonstrating that the intervention was of sufficient magnitude and occurred in a temporal sequence. Specifically, (1) provision indicators are expected to inform about the quality of provider's training and performance, and if the requirements for provider's optimal performance was delivered to them; (2) utilization indicators are expected to inform about the quality of receiver's sensibilization, their receptivity to interventional activities, acquired knowledge and alterations of inadequate behaviors toward children; and (3) coverage indicators aim at providing information regarding the quality of the interventional activities, such as the adherence to them.

5. Statistical Analysis {#sec5-ijerph-16-00466}
=======================

5.1. Data Management {#sec5dot1-ijerph-16-00466}
--------------------

Questionnaire data, both from the three evaluation moments and from the six educational visits, will be double entered by CISA's data loggers into digital forms forming an Open Data Kit (ODK) aggregate server. Afterwards, these files will be converted into Excel sheets and exported to SPSS for statistical analysis. Anthropometric indices will be extracted from the Excel files produced and entered into a WHO Anthro software (version 3.2.2, WHO, Geneva, Switzerland ) to calculate z-scores and classify malnutrition. The laboratorial data will also be similarly entered into Excel® (Microsoft Corporation, Redmond, Washington, DC, USA) files and exported to IBM SPSS software, version 24 (IBM Corp, Armonk, NY, USA) for statistical analysis.

5.2. Baseline Assessment Eevaluations {#sec5dot2-ijerph-16-00466}
-------------------------------------

The nutritional quality of children's diets (24--36 months) will be determined in accordance with the Children's Individual Dietary Diversity Score Indicator (IDDS) \[[@B69-ijerph-16-00466],[@B70-ijerph-16-00466]\]. The prevalence of malnutrition in children will be calculated by WHO Anthro software (version 3.2.2). The chi-square test will be used to compare proportions, in addition to calculating the attributable fractions.

Pre-and post-intervention and intervention versus control arms evaluations.

Primary and secondary impact indicators will be evaluated between the baseline and the follow ups (for each study sample), and between the intervention and control arms. Outcomes will be compared analyzing for variance in the continuous variables and logistical regression for the categorical variables. Adequacy and plausibility arguments will be used, by analyzing the process indicators (described in [Table 2](#ijerph-16-00466-t002){ref-type="table"}) in accordance with the conceptual maps. Relative risk will be calculated in order to compare the cumulative incidence of anemia among the intervention and control arms.

6. Discussion {#sec6-ijerph-16-00466}
=============

The efficacy of interventions to reduce anemia can comprise both educational and therapeutic dimensions \[[@B2-ijerph-16-00466]\].

Deworming plus nutrition education has been reported to reduce anemia from 82.0% to 55.4%, while increasing the consumption of leafy green vegetables from 44.7% to 60.6% \[[@B24-ijerph-16-00466]\]. Furthermore, exclusive educational interventions targeting nutrition improvement, increased the ability of mothers to identify malnutrition (from 15% to 99%), increased exclusive breastfeeding (79% versus 48% in the control group), translated into weight gain (0.86kg versus 0.77kg in the control group), increased vegetable feeding, nutrient-dense foods at lunch (11% difference between the intervention and control groups), dietary requirements for energy, iron and zinc, complementary feeding, and significantly reduced rates of stunting \[[@B17-ijerph-16-00466],[@B18-ijerph-16-00466],[@B19-ijerph-16-00466],[@B20-ijerph-16-00466],[@B21-ijerph-16-00466],[@B35-ijerph-16-00466],[@B71-ijerph-16-00466]\].

Exclusive WASH educational interventions, health education on soil-transmitted helminths and schistosomiasis, significantly increased knowledge, reduced both the prevalence of *Ascaris lumbricoides* and *Schistosoma mansoni* and the incidence of hookworms and the intensity of trichuriasis, ascaridiasis and hookworms \[[@B25-ijerph-16-00466],[@B26-ijerph-16-00466]\]. When deworming is added to WASH education, the prevalence and intensity of STH decrease and school children scored higher than the control on STH knowledge \[[@B26-ijerph-16-00466],[@B31-ijerph-16-00466]\]. Studies evaluating educational approaches to prevent malaria report improved knowledge regarding breeding sites, bednet use and indoor spraying, increased windows and door net usage and alongside maintaining clean environment practices and leading to a reduced number of reported malaria episodes and the incidence of fever \[[@B27-ijerph-16-00466],[@B28-ijerph-16-00466],[@B39-ijerph-16-00466],[@B72-ijerph-16-00466]\].

There are reports of intensity reduction (for *Schistosoma haematobium, Ascaris lumbricoides*, *Trichuris trichiura* and hookworm) and variable cure rates when participants are exposed only to deworming with PZQ or ALB. However, re-infections can occur rapidly \[[@B73-ijerph-16-00466],[@B74-ijerph-16-00466],[@B75-ijerph-16-00466],[@B76-ijerph-16-00466],[@B77-ijerph-16-00466],[@B78-ijerph-16-00466],[@B79-ijerph-16-00466],[@B80-ijerph-16-00466],[@B81-ijerph-16-00466],[@B82-ijerph-16-00466]\]. While some authors report that the link between exclusive drug therapy and hemoglobin increase remains inconclusive, others report that exclusively deworming (with ALB and PZQ) may increase mean hemoglobin \[[@B83-ijerph-16-00466],[@B84-ijerph-16-00466]\]. Additionally, treating malaria has an important impact on anemia reduction \[[@B85-ijerph-16-00466]\].

The studies investigating different combinations of those interventions present considerable differences in their designs and methodologies, making it hard to value and compare results \[[@B17-ijerph-16-00466],[@B18-ijerph-16-00466],[@B19-ijerph-16-00466],[@B20-ijerph-16-00466],[@B21-ijerph-16-00466],[@B22-ijerph-16-00466],[@B23-ijerph-16-00466],[@B24-ijerph-16-00466],[@B25-ijerph-16-00466],[@B26-ijerph-16-00466],[@B27-ijerph-16-00466],[@B28-ijerph-16-00466],[@B29-ijerph-16-00466],[@B31-ijerph-16-00466],[@B83-ijerph-16-00466],[@B84-ijerph-16-00466],[@B86-ijerph-16-00466],[@B87-ijerph-16-00466],[@B88-ijerph-16-00466]\]. Despite those results, only a few studies have simultaneously implemented a therapeutic plus educational mother-to-child nutrition intervention and compared it with a therapeutic plus educational mother-to-child WASH/Malaria practices \[[@B89-ijerph-16-00466]\].

Evaluating the efficacy of educational interventions represents a great challenge, as they are complex, have long causal pathways between the intervention and the outcome, span several intermediate levels and interacting components (in turn susceptible of modifying the effect under measurement and both the internal and external validity of the findings) \[[@B90-ijerph-16-00466]\]. One relevant dimension of this complexity is the number of target groups and the number of behaviors required by either those delivering or receiving the interventions for the impact on the outcomes to occur. Educational interventions depend on the knowledge acquired from field technicians, their performance in transmitting that knowledge, skills to conduct community activities and to monitor mother/caretaker practices. Additionally, mothers are expected to be receptive to counselling, gaining awareness of correct parental practices and changing inadequate behaviors and practices. In this study, we postulate that, for a single population, evaluation design, indicators, therapeutic approach and timeline, we will be able to more consistently and realistically describe and compare the effect of: 1) a therapeutic plus educational nutrition; and 2) a therapeutic plus WASH/Malaria interventions on the occurrence of anemia.

Nevertheless, considering the complexity of the design proposed, we can anticipate some difficulties. Randomization may not grant the elimination of all non-measured confounding factors just as the prevalence of several outcomes may be difficult to dilute within the clusters \[[@B91-ijerph-16-00466]\]. Additionally, there is also the possibility of poor compliance and differences in the intervention dosage delivered and the amount of response produced. Here, we will distribute nutrition and WASH/Malaria kits during the evaluation moments to prevent low adherence. Furthermore, we are also going to conduct an intensive training/retraining and performance evaluation system for providers, as well as a rotation strategy between technicians and families. The monitoring file of the receiver is expected to collect information on intermediate potential causal steps that will facilitate attributing the observed alterations in outcomes to the intervention, i.e., demonstrating that the intervention was of sufficient magnitude and occurred in a temporal sequence consistent with the hypothesized impact. Additionally, the results from complex cluster-randomized controlled trials, due to the stringencies of the probability statements required, may not be generalizable and further effectivity studies may be needed. Recommendations for overcoming these difficulties include recourse to adequacy and plausibility arguments, combining different types of evidence, in turn limiting the occurrence of bias, confounding factors, and chance \[[@B90-ijerph-16-00466]\]. In this study, detailed impact, provision, utilization and coverage indicators will be collected, as described in [Table 2](#ijerph-16-00466-t002){ref-type="table"}.

7. Conclusions {#sec7-ijerph-16-00466}
==============

Exclusive therapeutic strategies have important results in decreasing prevalence and intensity of infections, however, in a contaminated environment, reinfections rapidly occur. In one hand, WASH/Malaria community-based educational approaches may sustain the achievements of therapeutics by decreasing transmission and, on the other hand, a more accurate evaluation of the effect of community-based educational strategies in adequate IYCF may occur when the influence of infections is removed. The design of this study aims at investigating the effect of 1) exclusive therapeutics (in a focused and context-adapted test-and-treat approach), 2) therapeutics plus educational WASH/Malaria and 3) therapeutics plus educational nutrition strategies. This will allow to clarify key questions that could help improving the control strategies targeting infectious-related and nutrition-related anemia in the country.
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###### 

Summary of the treatment given in each arm.

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Type of Action                                                                                                 Nutrition Arm:                                                                                                       WASH Arm:                                                                               Control Arm
  -------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------- ----------------
  Diagnosis and treatment of:\                                                                                   Provided                                                                                                             Provided                                                                                Provided
  - Malaria (artemether-Lumefantrine 20/120),\                                                                                                                                                                                                                                                                                
  - Schistosomiasis (Praziquantel)\                                                                                                                                                                                                                                                                                           
  - Intestinal parasites (Albendazol and Tinidazol)\                                                                                                                                                                                                                                                                          
  Implemented at the baseline and then every 6 months until the end of the study.                                                                                                                                                                                                                                             

  Distribution of bednets at the baseline                                                                        Provided                                                                                                             Provided                                                                                Provided

  Distribution of soap and lye at the first and second follow ups                                                Provided                                                                                                             Provided                                                                                Provided

  Personalized, home-based counseling of primary caretakers                                                      Provided                                                                                                             Provided                                                                                Not provided

  Targets within the educational package\                                                                        \(1\) Breastfeeding;\                                                                                                \(1\) Bednet usage;\                                                                    Not applicable
  \                                                                                                              (2) Complementary feeding \*;\                                                                                       (2) Reducing mosquito breeding sites\                                                   
  \                                                                                                              (3) Weekly adequate food diversity;\                                                                                 (3) Prevention of open sky defecation;\                                                 
  \                                                                                                              (4) Appropriate number of meals;\                                                                                    (4) Latrine cleaning;\                                                                  
  Each visit will address 2 behaviors of the specified targets topics, moving to the next pair in later visits   (5) Adequate amount of food;\                                                                                        (5) Adequate hand washing;\                                                             
                                                                                                                 (6) Responsible feeding;\                                                                                            (6) Healthy backyard environment;\                                                      
                                                                                                                 (7) Disease and alimentation;\                                                                                       (7) Adequate: water availability, treatment, transportation and storage;\               
                                                                                                                 (8) Hygiene and food safety.                                                                                         (8) Adequate personal hygiene.                                                          

  Number of counselling visits                                                                                   6                                                                                                                    6                                                                                       Not applicable

  Activities within the community groups                                                                         \(1\) Discussion of nutritional value of foods, the effect of processing and the most common foodborne parasites;\   \(1\) Identification of focus of Soil-transmitted helminth (STH) contamination;\        Not provided
                                                                                                                 (2) Demonstration of fish-and-meat dishes;\                                                                          (2) Identification of children's risk behavior in the community;\                       
                                                                                                                 (3) Demonstration of combinations for breakfast and lunch;\                                                          (3) Identification of household indoor resting mosquitos and outdoor breeding sites;\   
                                                                                                                 (4) Taste and score of recipes;\                                                                                     (4) Construction of household washing hand mechanisms;\                                 
                                                                                                                 (5) Distribution of illustrative notebook with recipes.                                                              (5) Correct montage of bednet;\                                                         
                                                                                                                                                                                                                                      (6) Children hand-washing classes.                                                      

  Number of community group sessions                                                                             6                                                                                                                    6                                                                                       Not applicable

  Total duration of the follow up                                                                                12 months                                                                                                            12 months                                                                               12 months
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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###### 

Indicators of impact, provision, utilization and coverage being collected in this study.

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Impact Evaluation                                                                                                    Process Evaluation                                                                                                                                                          
  -------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------
  [1. Primary outcomes]{.ul}\                                                                                          [1. Acquired knowledge]{.ul}\                                                         [1. Acquired knowledge of receivers]{.ul}\                                            [1. Services provided at evaluation moments]{.ul}\
  1.1 Impact on health\                                                                                                - Theoretical test scores (evaluation of knowledge);\                                 -Theoretical test scores;\                                                            - N° of hospital-based consultation held for parasite treatment;\
  - Variation of hemoglobin levels;\                                                                                   - Practical test scores (evaluation of counseling performance);\                      - Practical test scores (participation in community groups);\                         - N° of domiciliary-based consultation held for parasite treatment;\
  - Anemia prevalence reduction.\                                                                                      - Self-counseling efficacy evaluation.\                                               - Self-evaluation at mother-to-child care.\                                           - N° of hospital-based consultation held for sickle-cell follow up;\
  [2. Secondary outcomes]{.ul}\                                                                                        \                                                                                     [2. Participatory level of receivers (adherence)]{.ul}\                               - N° of children referred to the emergencies with severe anemia, severe malnutrition and non-malarial fever who reported to have been followed.\
  2.1 Impact on Health\                                                                                                [2. Counseling performance]{.ul}\                                                     - N° of attendances to evaluation moments;\                                           \
  - Iron deficiency anaemia reduction;\                                                                                - Number of families dropping outs from evaluation moments per technician;\           - N° of scheduled visits (both in person and by telephone call) held successfully;\   [2.Participatory level of receivers (adherence)]{.ul}\
  - Micronutrient deficiencies (iron, folate, vitamins A and B12, zinc and vitamin E serum levels);\                   - Number of families successfully visited for counseling by each technician;\         - N° of scheduled visits that had to be redials due to absence or unavailability;\    - Proportion of child-caretaker pair present in all evaluation moments;\
  - Prevalence reduction, intensity, incidence and reinfections rates of STH, *P. falciparum* and *S. haematobium*;\   - Number of notified participants present in each community groups per technician;\   - Mood state of the receiver between visits;\                                         - Proportion of child-caretaker pair presenting in all counseling moments;\
  - Prevalence reduction of Stunting (height-for-age) and wasting (weight-for-height).\                                - Number of scheduled visits held successfully per technician.                        - N° of attendances to communitarian group.\                                          - Proportion of caretakers participating in all community groups;\
  2.2 Impact on Behavior\                                                                                                                                                                                    [3. Household environment evaluation (observation)]{.ul}\                             - N° of notified child-mother pair failing the hospital-based consultations for parasite treatment or sickle-cell follow up;\
  - Exclusive breastfeeding (0--5 months) and continued breastfeeding (12--15 months) \[[@B68-ijerph-16-00466]\];\                                                                                           - N° of household hand washing mechanisms;\                                           - N° of child-mother pair failing to picking up the sickle-cell drugs.
  - Increase of Minimum dietary diversity prevalence (6--23 months) \[[@B68-ijerph-16-00466]\];\                                                                                                             - N° of communitarian latrines around the house;\                                     
  - Increase of Minimum Meal Frequency prevalence \[[@B68-ijerph-16-00466]\];\                                                                                                                               - Cleaning conditions classification of household latrines (if existent);\            
  - Increase of iron and vitamin A rich foods consumption;\                                                                                                                                                  - Cleaning conditions classification of the backyard;\                                
  - Reduction of morbidity from diarrhea (reported).                                                                                                                                                         - Presence of pets loose in the yard and stool.\                                      
                                                                                                                                                                                                             [4. Mother-to-children care practices]{.ul}\                                          
                                                                                                                                                                                                             - Children using bednets;\                                                            
                                                                                                                                                                                                             - Children sidewalks;\                                                                
                                                                                                                                                                                                             - Children with clean nails.                                                          

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\* Provision refers to the intervention provided by technicians and utilization refers to the action expected from receivers when provision is delivered.

[^1]: Equivalent co-senior authors.
